A spent medium antigen was prepared from the avirulent RIA strain of Salmonella typhimurium. Lymph node cells isolated from female BALB/c mice injected subcutaneously with the spent medium antigen exhibited antigen-specific proliferation. By using these cells and T-cell growth factor, continuous spent medium antigen-specific, Thy 1.2-sensitive lines were generated. These cells exhibited antigen-specific proliferation in vitro and were effective in inducing significant (P < 0.01) host protection when adoptively transferred to naive syngeneic mice.
The reduction in numbers of Salmonella typhimurium, a facultative intracellular pathogen in mice, requires the interaction of sensitized T lymphocytes and macrophages (9, 16) . Lymphokines are released by sensitized T cells in response to a specific antigenic stimulus, yet their action is characterized by enhancing a nonspecific bactericidal function of macrophages (9, 16, 17) . In a normal immunocompetent animal the small percentage of available T cells specific for a given antigen (Ag) is small, 0.2 to 0.3% (8) . A technique or procedure by which this small population of cells could be expanded would be useful in the examination of the cell-mediated immune response. Recently, Kaufmann and Hahn (14) and Kearns and DeFreitas (15) have demonstrated that it is possible to isolate and maintain Ag-specific T cells in vitro and that such cells are capable of providing a significant degree of protection against the facultative intracellular pathogen Listeria monocytogenes. The isolation, characterization, and availability of T-cell growth factor (TCGF) has made possible the long-term maintenance of Ag-specific T cells in vitro (11, 22) . It has been shown that T lymphocytes maintained in vitro in the presence of TCGF can retain their Ag specificity and reactivity (2, 23, 25, 27) . Therefore, as a means of examining the role(s) of Ag-specific T lymphocytes in murine salmonellosis, we isolated, maintained, and characterized T lymphocytes derived from mice which were immunized with a spent medium antigen (SMA) from S. typhimurium.
In this report, mice were immunized with SMA from S. typhimurium, and the draining lymph nodes were used as a source of Ag-specific T cells. These T cells were used to demonstrate that (i) such an immunization and cell collection protocol could yield SMA reactive cells, based upon a blastogenesis assay; (ii) such cells could be maintained indefinitely in vitro in the presence of TCGF; (iii) T cells continuously cultured can elicit positive Ag-specific blastogenesis in vitro; and (iv) T cells can induce host protection when reintroduced into a syngeneic mouse, subsequently challenged with virulent S. typhimurium SR-11.
MATERIALS AND METHODS Antigen preparation. SMA was prepared from S. typhimlurium RIA (avirulent strain) as described by Cohn (3) TCGF (Sigma Chemical Co.) was added. After 5 days in culture these T cells were harvested, washed, and suspended as a density of 2 x 105 cells per well in 96-well Costar microculture plates. Also, 2 x 106 syngeneic X-irradiated (3,300 rads) spleen cells, SMA, and TCGF were added to each well. As before, [3H]thymidine was added 18 h before the cell cultures were harvested. All proliferation data were analyzed for significance by the Student t test.
Long-term culture of T lymphocytes. Cells which were kept for long-term culture were seeded at 4 x 106 cells per ml in 1.5 ml of complete medium in 24-well Costar macroculture plates (Hyclone Laboratories). Fifty micrograms (based on protein content) of Ag was added to each well, and the cells were cultured in 5% CO2 at 37°C. After 4 days, the T-blast cells were isolated on a Ficoll-Hypaque gradient (20) . Blast cells were removed from the interface, washed twice in RPMI 1640 plus gentamycin, and suspended in complete medium to a final concentration of 2 x 105 cells per ml. The cells were cultured in 24-well Costar plates to which 10 U of rat TCGF was added. Fresh medium and TCGF were added every 4 to 5 days. After 1 to 2 weeks, the cells were restimulated with Ag, and X-irradiated spleen cells were added. The TCGF-dependent T lymphocytes cultured in this manner will be referred to as T-cell lines. To verify that the TCGF-dependent cells were in fact T cells, samples were removed and treated with anti-Thy 1.2 antibody and Low Tox-M rabbit complement (Accurate Chemical & Scientific Corp., Westbury, N.Y.), followed by the addition of the vital dye, trypan blue. In all assays performed, >98% of the cells were killed by this treatment.
X-Irradiation of spleen cells. The procedure used for the preparation and X-irradiation of spleen cells was that of Kearns and DeFreitas (15) . Briefly, cells were washed and resuspended at a concentration of 107 cells per ml in serumfree RPMI 1640 with gentamycin. After irradiation (3,300 rads) the cells were washed twice, resuspended in complete medium, and plated. For both proliferation and restimulation of T-cell lines, spleen cells were plated at a ratio of 10:1 (spleen cells to T cells).
Adoptive transfer of Ag-specific T cells. Mice used in these studies were 6-to 8-week-old female BALB/c. Expanded T-cell lines were washed and resuspended in normal saline at a concentration of 107 cells per ml. Mice were injected in the tail vein with 106 T cells, followed 3 h later by an intraperitoneal injection of the challenge organism. Challenge doses of 10 or 20 50% lethal doses (LD50) were given. The LD50 of the SR-11 strain of S. typhimurium in the BALB/c mice was found to be three viable bacteria. All survival data were analyzed for significance by the x2 test.
RESULTS
Proliferation assay. To verify the Ag specificity of the T cells isolated from the lymph nodes, a proliferation assay was performed. The data in Table 1 show typical results of this assay. Note that the LNC from mice previously injected with the Salmonella SMA only exhibited blastogenesis to the Salmonella Ag but not to the E. coli lysate. Also, the Salmonella LNC responded to purified protein derivative as a result of the Ag being incorporated in complete Freund adjuvant. These results demonstrate that the proliferative response (Table 1) reflects Ag-specific stimulation rather than nonspecific proliferation. Again note that heterologous Ag was not stimulatory to either the Salmonella SMA or OVA LNC, whereas ConA stimulated both cell populations to proliferate. The data (Table 2) show the results of a proliferation assay in which the TCGF-dependent SMA T-cell line underwent blastogenesis when cultured with SMA. This T-cell line also responded to ConA.
Adoptive transfer of SMA-specific T cells. To assess the in vivo functional capacity of the in vitro-maintained T cells, these T cells were adoptively transferred to naive BALB/c mice. Three hours after the intravenous injection of 106 SMA-specific or OVA-specific T cells, the mice were challenged with 10 or 20 LD50 of virulent S. typhimurium SR-11. Also, a group of normal controls were challenged in an identical fashion. The results show that mice receiving the SMA-specific T-cell lines exhibited significant host protection (P < 0.01) to a challenge infection with 10 LD50 of S. typhimurium SR-11 (Table 3 ). In one challenge experiment 2 of 20 mice receiving the TCGF-dependent OVA T cells survived the challenge infection; however, no normal control mice survived 10 or more LD50 of virulent salmonellae. In addition, of the mice that died, the mean time to death of the mice receiving SMA T cells was significantly (P < 0.05) greater (10.5 days) than that of control mice (7.6 days). When a challenge dose of 20 LD50 was used, only mice receiving the SMA T cells survived. Of the mice dying from the 20 LD50 challenge, mice receiving the SMA T cells survived significantly (P < 0.05) longer (11.5 days) than did control mice (7.3 days). All control and OVA T-cell mice were dead within 2 weeks after challenge (Table 3) . (6, 12) . Collins (5) and Smith and Bigley (24) have demonstrated that the passive transfer of immune serum will not protect nonimmune mnice from a lethal challenge infection. Recipients of the immune serum will exhibit increased survival times before succumbing to the lethal effects of the challenge infection, compared with control nonimmune mice. However, it should be noted that Morris et al. (19) concluded that humoral immunity was of greater importance than cell-mediated immunity in mice vaccinated with a GalE mutant of S. typhimurium. Also, Hochadel and Keller (13) (14) and Kearns and DeFreitas (15) induced continuous interleukin 2 (IL2)-dependent T-cell lines specific for L. monocytogenes. Both groups of investigators demonstrated that protective host immunity could be adoptively transferred to naive syngeneic mice with the respective Ag-specific T-cell lines. Of particular interest was the finding that a single antilisterial T-cell clone was active in adoptively transferring both host protection and positive footpad swelling (delayed hypersensitivity) (14) . This same clone of T cells underwent blastogenesis in vitro when cultured in the presence of heat-killed L. monocytogenes.
In this present study we have reported the successful induction of TCGF-dependent continuous T-cell lines specific for S. typhimurium. Naive mice adoptively transferred with these T cells exhibited significant host protection to 10 LD50 of virulent salmonellae (Table 3 ). In this particular experiment no normal control mice survived, although two of the OVA TCGF-dependent T-cell recipient mice did survive the challenge infection. This is the first instance in which we have observed nonsalmonellae immune BALB/c mice surviving a challenge infection with 10 LD50 of virulent salmonellae. Two possible explanations may exist. First, actively proliferating continuous T-cell lines or clones re- Wilde and Fitch (28) demonstrated that Ag-specific T cells cultivated as a continuous culture will go through phases of unresponsiveness.
